Evaluation of drug supersaturation by thermodynamic and kinetic approaches for the prediction of oral absorbability in amorphous pharmaceuticals.
Supersaturation behavior of model drugs, danazol, griseofulvin, itraconazole, vemurafenib, and ER-34122, was analyzed by both thermodynamic and kinetic approaches to better understand the absorption characteristics of amorphous pharmaceuticals. For each amorphous drug, the extent of supersaturation during in vitro dissolution was proved to be similar to that in vivo, which was estimated from relative bioavailability data. The theoretical limit of supersaturation was thermodynamically calculated from several thermal properties and water sorption isotherms of amorphous solids. in vitro and in vivo supersaturation of amorphous vemurafenib was thermodynamically controlled and was in good agreement with the theoretical limit. On the contrary, the supersaturation ratio of the other four drugs was highly overestimated by the thermodynamic calculation. However, it was satisfactorily explained by considering supersaturation stability, which indicated how long supersaturation can be maintained without crystal nucleation. Supersaturation stability was evaluated by measuring the induction time for crystal nucleation kinetically. Concomitant use of thermodynamic and kinetic approaches is, therefore, invaluable in evaluating supersaturation behavior of amorphous materials and assessing development potential of poorly water-soluble drugs.